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JACOBUS HENRICUS VANT HOFF. 
(Read April 22, 191 1.) 

It is always pleasant to discuss the work of a truly great man, 
but the loss of an adored teacher and one of the best of friends, is 
among the most trying ordeals through which we are called upon 
to pass. 

I shall say relatively little of the life of Van't Hoff, since it was 
simple and comparatively uneventful ; but devote most of my time to 
his work — work which found chemistry, for the most part, an em- 
pirical science, and left it well advanced towards becoming an exact 
branch of natural science. 

Jacobus Henricus Van't Hoff was born in Rotterdam, August 30, 
1852, the son of a physician. He died in Berlin, March 1, 191 1, and 
was, therefore, almost exactly fifty-eight and a half years old. He 
received his early training in the " Realschule " in Rotterdam, and 
in 1869, at the age of seventeen, went to the Polytechnikum in Delft, 
completing the three years' course there in two years. At the age 
of nineteen he went to the University of Leyden and remained there 
one year. He then repaired to Bonn to work with the distinguished 
organic chemist, Kekule, and thence to Paris to come under the 
influence of Wurtz. He then returned to Holland and in 1874, at 
the age of twenty-two, made the Doctor's degree at Utrecht, his dis- 
sertation being in the field of organic chemistry. 

Van't Hoff, in 1876, at the age of twenty- four, was appointed pri- 
vatdozent in physics in the veterinary college in Utrecht. He was 
called to Amsterdam in 1877 as lecturer in chemistry, and in the 
following year was appointed professor of chemistry. Van't Hoff 
held the position of professor of chemistry in the University of Am- 
sterdam until 1896, when he accepted a call to Berlin as professor 
in the University and a member of the Imperial Academy of Sciences. 
He lectured once a week on physical chemistry in the University of 
Berlin, and a research laboratory was provided for him in the suburbs 
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of Berlin by the Imperial Academy of Sciences. 

Let us now turn to the work of this very great man. 

Van't Hoff's name will always be associated with the following 
epoch-making discoveries : 

The founder of the science of stereochemistry. 

The first to apply the law of mass action to chemical reactions in 
a broad way, and thus to open up the fields of chemical dynamics 
and equilibrium. 

To have pointed out the close relations between solutions and 
gases, and thus to have placed the whole subject of solutions upon 
a scientific basis. 

Van't Hoff, as we have seen, began his scientific career as a pupil 
of Mulder in Utrecht, of Kekule in Bonn, and of Wurtz in Paris. 
During this period he was, therefore, busy primarily with organic 
chemistry, and let us see the result. At the age of twenty-two, while 
still a pupil of Mulder in Utrecht, he published in 1874 a short paper 
of eleven pages in Dutch, which was destined to revolutionize the 
whole subject of organic chemistry. Organic chemistry, at this time, 
under the dominating influence of Kekule was concerned chiefly with 
the question of constitution, but the constitutional formulae then in 
vogue did not even raise the question as to how the atoms within 
the molecules are distributed in three dimensions in space. 

The short paper by Van't Hoff in Dutch had to do with the tre- 
mendous, and apparently hopeless problem of the arrangement of the 
atoms in the molecules in space. The following year (1875) this 
paper was translated into French, bearing the title " La Chimie dans 
l'Espace," and two years later into German, with a preface by Wisli- 
cenus, " Die Lagerung def atome im Raume." Let us glance briefly 
at the contents of this paper. 

It had been shown by the work of Henri and others that methane, 
or marsh gas (CH 4 ), is a symmetrical compound, i. e., all of the 
four hydrogen atoms bear the same relation to the carbon atom. 
Van't Hoff pointed out that this fact alone forces us to conclude that 
methane must be represented in space by the regular tetrahedron ; 
the carbon atom being at the center of the tetrahedron and the four 
hydrogen atoms at the four solid angles. This is the only geomet- 
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rical form in three dimensions in space in which a central object is 
surrounded symmetrically by four things of the same kind. Thus 
arose the conception of the " tetrahedral carbon atom/' Pasteur had 
been studying the property possessed by certain liquids of rotat'ng the 
plane of polarization of a beam of polarized light passed through 
them. He had reached the conclusion that in order that a liquid 
should have this property — be " optically active " — its molecules must 
possess some kind of asymmetry. Further than this Pasteur could 
not go. The solution of the problem of optical activity remained 
for Van't Hoff. 

He examined the constitution of all of the optically active com- 
pounds of carbon then known, and found that they all contain at 
least one carbon atom in combination with four different atoms or 
groups ; and this applies to every optically active compound of carbon 
known today ; and these number more than a thousand. Van't Hoff 
simply extended his theory of the "tetrahedral carbon atom" to 
that of the " asymmetric tetrahedral carbon atom " and the problem 
of optical activity was solved. 

This was the beginning of the stereochemistry of carbon, from 
which the stereochemistry of several other elements is the outgrowth ; 
and it is not an exaggeration to say that the tetrahedral carbon atom 
has been the guiding thought in organic chemistry for the past thirty 
years. 

Shortly after the appearance of the little paper in Dutch Van't 
Hoff published his book on organic chemistry "Ansichten uber die 
organische Chemie. ,, In this work he attempted to systematize or- 
ganic chemistry, and especially to place it upon a quantitative basis. 
He was impressed with the purely qualitative nature of organic 
chemistry as exemplified by the Kekule school. Certain substances 
were brought together under certain conditions and certain " yields " 
were obtained. Very little had been done up to that time towards 
measuring the velocity of reactions, or the conditions under which 
chemical equilibrium was reached. These were the problems to 
which Van't Hoff next turned, and the results of his studies in this 
field constitute his second great contribution to chemical science. 

It had long been known that mass or relative quantity of the 
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reacting substances not only conditions the velocities of chemical 
reactions, but often even the direction or nature of the reaction. 
The effect of mass on chemical reaction was given simple algebraic 
expression in 1867 by the Norwegian mathematical physicist Guld- 
berg, and the Norwegian chemist, his son-in-law, Waage; both of 
the University of Christiania. 

It remained here again for Van't Hoff to demonstrate the real 
importance of the law of mass action. He showed that chemical 
dynamics in general, and the conditions that obtain when chemical 
equilibrium is reached, can all be dealt with by the law of mass 
action. In this work the whole subject of chemical dynamics and 
equilibrium was reduced to a science, and whatever has been subse- 
quently done in this field has felt the influence of this early work 
by Van't Hoff. 

The results, both theoretical and experimental, obtained by Van't 
Hoff and his co-workers, were published in the well-known volume 
*"£tudes de Dynamique chimique " in 1884. In the portion of the 
work that deals with chemical dynamics, it is shown that the velocity 
of a reaction is a function of the number of molecules taking part 
in that reaction ; and a method for determining the " order " of a 
reaction, or the number of molecules taking part in the reaction was 
worked out. The effect of temperature on reaction velocity was 
here discussed, and it was pointed out that chemical reactions are, in 
general, much more complex than we are usually accustomed to 
regard them ; a number of " disturbing " factors coming into play. 

The treatment of chemical equilibrium is quite as important as 
that of chemical kinetics. The new feature here was the systematic 
application of thermodynamics to such problems. Before this book 
appeared there was no scientific treatment of the subject of chemical 
equilibrium. Van't Hoff showed in this volume the importance ; in- 
deed, the absolute necessity of a physical and mathematical training 
for every chemist who wishes to go beneath the purely empirical 
side of his science. 

We come now to the third and greatest contribution of Van't 
Hoff to chemistry in particular and to science in general, the rela- 
tions between solutions and gases. 



JACOBUS HENRICUS VAN'T HOFF. vii 

The first paper dealing with this subject was published in 1886 
in the Transactions of the Swedish Academy of Sciences, under the 
title "The Laws of Chemical Equilibrium in the Dilute Gaseous or 
Dissolved State of Matter." This, according to Donnan, 1 was 
quickly followed by two other papers : "A general Property of Dilute 
Matter " and " Electrical Conditions of Chemical Equilibrium. " 

The well-known paper in which the relations between solutions 
and gases were first pointed out was published in the first volume of 
the Zeitschrift fiir physikalische Chemie, under the title " Die Rolle 
des osmotischen Druckes in der Analogie zwischen Losungen und 
Gasen," and which has been translated into most of the civilized lan- 
guages of the globe. 

It is always interesting to learn how a great mind discovers a 
great generalization, and in this case we have the account in Van't 
Hoff's own words. He delivered in 1894 his well-known lecture 
before the German Chemical Society which led directly to his call 
to the University of Berlin. From this the following section is 
quoted : 

" Jung wie ich war, wollte ich dann auch die Beziehungen zwischen 
Constitution und chemischen Eigenschaften kennen lernen. Die 
Constitutionsformel soil ja doch schliesslich Ausdruck des ganzen 
chemischen Verhaltens sein. 

" So entstanden meine 'Ansichten iiber die organische Chemie,' 2 
die Sie wohl nicht kennen. Es lohnt sich auch kaum. Nur hatten 
sie fiir mich den Werth, dass sie eine bestehende Lucke mir sehr 
scharf zeigten. 

" Nehmen wir ein Beispiel ! • 

"Wie bekannt, iibt in organischen Verbindungen der Sauerstoff 
eine beschleunigende Wirkung auf fast sammtliche Umwandlungen 
aus : Oxydation bei CH 4 schwerer als bei CH 3 OH u. s. w. 

"Urn jedoch daraus werth voile Beziehungen zu erhalten, ist 
genaue Kenntniss der Reactionsgeschwindigkeit Bediirfniss, und so 
gings zur Reactionsgeschwindigkeit, und es entstanden meine : 

" £tudes de dynamique chimique. 

1 Nature, 86, 85. 

2 Ber. d. chetn. Ges., 27, 7, 1899. 
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" Reactionsgeschwindigkeit zunachst als Hauptzweck. Chem- 
isches Gleichgewicht aber unmittelbar daneben. Wo doch das 
Gleichgewicht einerseits auf Gleichheit zweier entgegengesetzter Re- 
actionen beruht und anderersits durch sine Verknupfung mit der 
Thermodynamik eine feste Stutze gewahrt. 

" Sie sehen, un mein Zeil zu erreichen, kam ich stets weiter vom 
Ziel ; das kommt ofter vor. 

"Und weiter musste ich noch, denn die Gleichgewichtsfrage 
grenzt unmittelbar an das Affinitatsproblem, und so war ich angelangt 
bei der sehr einfachen Affinitatserscheinung, zunachst derjenigen, 
welche als Wasseranziehung sich aussert. 

" Schon Mitscherlich hatte sich in seinem Lehrbuch der Chemie 3 
die Frage gestellt nach der Grosse der Anziehung, welche das Krys- 
tallwasser im Glaubersalz zuruckhalt. Ein Maass dafiir erblickte 
er in der verminderten Krystallwassertension : 

" ' Wenn man in die Barometerleere bei g° Glaubersalz bringt, 
sinkt das Quecksilber um 2.5 Linien (5.45 mm.) durch Wasserdamp- 
fabgabe. Wasser selbst bewirkt dagegen eine Senkung von 4 Linien 
(8.72 mm.) — die Affinitat des Natriumsulfats zu seinem Krystall- 
wasser entspricht also der Differenz 1.5 Linien (3.27 mm.) d. i. etwa 
1/16 Pfd. (1/32 kg.) pro Quadratzoll (2.615 qcm.).' 

" Dieser Werth, 1/200 Atm., kam mir unerhort klein, hatte ich 
doch den Eindruck, dass auch die schwachsten chemischen Krafte 
sehr gross sind, wie es mir z. B. auch aus Helmholtz' Faraday- 
Lecture hervorzugehen schien. 

" So lag die Frage nahe, ob nicht noch in einfacheren Fallen 
diese Wasseranziehung in mehr directer Weise zu messen sei, und 
dann ist wohl die wassrige Losung die einfachst denkbare, bedeutend 
einfacher als die Krystallwassefbindung. 

" Mit dieser Frage auf den Lippen aus dem Laboratorium kom- 
mend, begegnete ich dann meinem Collegen de Vries und seiner 
Frau ; der war gerade mit osmotischen Versuchen beschaftigt und 
machte mich mit Pfeffer's Bestimmungen bekannt." 

Thus was Van't Hoff brought in contact with the measurements 
of osmotic pressure made by Pfeffer, and "with that insight into 

3 4. Auflage, 565, 1844. 
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the real meaning of phenomena, and that foresight that enables one 
to see relations from very meager and imperfect data, which are 
characteristic of the highest genius, Van't Hoff saw from the few 
osmotic pressure measurements of Pfeffer the relations between solu- 
tions and gases — the laws of gas pressure applied to the osmotic pres- 
sure of solutions. In a word, we could deal with solutions as with 
gases." 

This raises the question why is it so important to be able to deal 
with solutions as with gases? We know more about matter in the 
gaseous state than in any other state of aggregation. There we can 
apply the laws of thermodynamics. Van't Hoff applied the laws of 
thermodynamics to solutions and gave us for the first time a satis- 
factory thermodynamical theory of dilute solutions. 

The question, however, still remains, why is a satisfactory, rigid 
theory of solutions of such importance? This becomes almost self- 
evident if we will consider what solutions mean for science in general. 

The whole science of chemistry is hardly more than a branch of 
the science of solutions in the broader science of that term. Solu- 
tions are fundamental to nearly all of the biological sciences, experi- 
mental botahy, zoology, physiology, pharmacology and pathology, and 
geology is as dependent upon solutions as chemistry. 

In the light of these facts it is obvious that the science of solu- 
tions is fundamental for natural science in general, and the placing 
of solutions upon an exact, scientific basis might almost be regarded 
as the initial step towards rendering chemistry, geology and the bio- 
logical sciences exact branches of science. 

This is what Van't Hoff did in pointing out the relations between 
solutions and gases. He, however, did not stop here. The laws of 
gases apply to the osmotic pressures of solutions of nonelectrolytes 
only, i. e., to solutions of substances which do not conduct the cur- 
rent. These laws do not apply to the osmotic pressures of a single 
electrolyte, and since all acids, bases and salts are electrolytes the 
gas laws do not apply to solutions of the most common substances 
in chemistry. Van't Hoff saw clearly these exceptions to the rela- 
tions that he had discovered, and pointed them out in his great paper 
above referred to. It is well known that it was to explain these 
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exceptions that Arrhenius proposed the Theory of Electrolytic Dis- 
sociation. 

We must not gather the impression that these three epoch-making 
contributions of Van't Hoff to science were the whole of his life- 
work. Quite the opposite is true. They were only his greatest 
work. 

He made a number of other discoveries which would have ren- 
dered any less distinguished man famous. Take his paper on " Solid 
Solutions " published in volume five of the Zeitschrift fur physika- 
lische Chemie. Before this paper appeared we hardly ever thought 
of certain mixtures of solids having the properties of* liquid solu- 
tions. Van't Hoff showed that such was the case, and thus opened 
up a new field of research. 

After accepting the call to Berlin Van't Hoff took up an elabo- 
rate experimental problem — the study of the formation of the salt 
deposits from desiccated inland seas, such as at Stassfurth. He had 
previously studied the conditions of formation and decomposition of 
double salts, especially the conditions of temperature and concentra- 
tion, and published the results in his " Vorlesungen iiber Bildung und 
Spaltung von Doppelsalzen " in 1897. The methods which were 
developed in this earlier work were applied to this complex geological 
problem with great success. The results of this investigation carried 
out from 1896 to 1909, partly with Meyerhoffer and partly with 
assistants, were published in two volumes, one in 1905 and the other 
in 1909, under the title " Zur Bildung der ozeanischen Salzabla- 
gerungen." 

The writer, only a year and a half ago, heard Van't Hoff express 
the wish that this work might all be published in collected form, but 
he added that the means were lacking and he never lived to see this 
desire gratified. 

The total number of papers published by Van't Hoff was very 
small. In addition to the books mentioned above should be added 
his " Vorlesungen iiber theoretische und physikalische Chemie," his 
"Theory of Solutions" and "Acht Vortrage iiber physikalische 
Chemie " being the lectures delivered at the University of Chicago 
in 1 901. 
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A few words in conclusion in reference to Van't Hoff the man. 
The writer was fortunate enough to have worked in the laboratory 
of Van't Hoff in Amsterdam in the spring of 1894. His method of 
work was somewhat as follows: When interested in a problem he 
would gather together all the data bearing upon it, assign what he 
considered the proper value to each determination and then as the 
result of such comparisons draw his conclusions. 

There has been a wide diversity of opinion as to whether Van't 
Hoff was, or was not, a great experimenter. While this is a matter 
of very little consequence, because there are many to experiment for 
every Van't Hoff to generalize, this difference in opinion arose I 
think as follows : Van't Hoff published very few experimental results 
until he took up the problem of the conditions under which the salt 
beds were deposited. This naturally led to the conclusion that he 
had done very little experimental work, while such was not the case. 
He published very little experimental work not because he did very 
little, but because of his attitude towards such work. He did not 
publish results simply for their own sake. If they confirmed or 
disproved some theory or generalization in which he was interested, 
they were published, otherwise not. He looked upon experimental 
results as valuable not in themselves, but just as they bore upon 
some generalization. During my student days in his laboratory 
Van't Hoff was working very intently and for long hours, but not 
a result that he obtained during that period was ever published. 
Personally, I regard Van't Hoff as a very skillful experimenter, but 
he looked upon experimental results in a different way from most 
men. 

During the time at least that I was with Van't Hoff in Amster- 
dam, he impressed me as living under an intense strain. His every 
motion suggested one keyed to a high pitch. He had wonderful 
power of concentration, which reminded one of Rowland. In Berlin 
he seemed to have " let down " as we usually say. He was living 
on a much lower key, probably due in part- to the disease which 
much too early ended his career. 

When I saw him for the last'time last summer a year in Berlin, 
it was obvious that he was losing in the fight against the disease. 
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Although suffering from shortness of breath, the same personal 
charm which characterized him in health was still there. He was 
one of the most simple, modest, honest, unostentatious and unselfish 
of men. 

Van't Hoff enjoyed at least one blessing not given to all great 
men. He lived to see his work understood, recognized and appre- 
ciated. He was a member of most of the learned societies and acad- 
emies in the world. He was elected a foreign member of the Amer- 
ican Philosophical Society in 1904. He was elected a foreign mem- 
ber of the Royal Society in 1897. He received honorary degrees 
from a large number of the most distinguished universities, including 
Cambridge, Manchester, Heidelberg and Chicago. The German em- 
peror conferred upon him the order " Pour le Merite," and Van't Hoff 
received the first Nobel prize in chemistry in 1901. The University 
of Berlin at their centenary celebration of 1910 bestowed upon him a 
gold medal for his scientific researches (Die grosse golden Medal- 
lia zur Wissenschaft). According to recent advices the city of Rot- 
terdam will create a Van't Hoff prize, to be awarded, like the Nobel 
Prize in Chemistry, for the best investigations in the field of chemistry. 

A leading Berlin journal thus refers to Van't Hoff: "Ein ganz 
Grosser ist dieser Tage gestorben, der Chemiker Van't Hoff." This 
can scarcely be translated into English. We have no words strong 
enough to convey in good English the exact meaning of " Ein ganz 
Grosser." 

From the same. journal I quote: "Van't Hoff hat uns wie ein 
neuer Kopernikus das Weltzystem Weiter begreiben gelehrt; Van't 
Hoff, ein geborener Hollander, tatig an der ersten deutschen Uni- 
versitat, gehorte mit seinem Wissen der ganzen Welt." 

The accompanying photograph, which was recently sent me by 
Mrs. Van't Hoff, represents the great man as he appeared shortly 
before his death. 

Thus lived and worked and died not only one of the very greatest 
men of science of his day, but of all time; a man whose name the 
history of science will reverence as it does that of Maxwell, Pasteur 
and Helmholtz. 

Harry C. Jones. 
Johns Hopkins University, 
April 20, 191 1. 



